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ABSTRACT 
Ntare, B.R. and Williams, J.H., 1993. Selection of cowpea cultivars for cool-season production in the 
Sahel. Freld Crops Key., 32: 27-39. 
Cowpea ( L'rgna unguic-ulatu ( L .  ) Walp. ) 1s traditionally grown durlng the shon rainy season in the 
Sahelian zone of west Africa, but there are opportun~ties for dry-season production prov~ding the 
problems of low night temperatures can be overcome. The objective of thls research was to identify 
cultivars suitable for ~rrigated cropplng during thr cool post-ralny season. Four hundred and thirty- 
two lines representing breedlng and local germplasm lines from Nlger were tested for field emergence, 
flowering and podding in the coolest time of the year. A selected set of lines was evaluated for yleld 
and other charac~eristics. Seedllng emergence began 8 days after sowing and secdl~ngs emerged ovcr 
a 7-day period. Seventy-four percent of the local germplasm llnes recorded 76- 10O0/u emergence as 
comparcd to 4% of the breeding Ilncs. The growth of seedlings was ver) slow. The time to maturity 
was not well related to the maturity during the normal cropping season. Cooler temperatures pro- 
longed time to maturity. All lines flowered but some did not set pods. The highest pod set was re- 
corded in the early-maturity group. Gram yield and related attributes declined sharply when sowing 
was done in January as comparcd with the November sowing. The differences observed among sc- 
lected cultivars and sowing dates were mainly duc to variation in crop growth rate. 
INTRODUCTION 
Cowpea (Vigna unguiculata (L.) Walp.) is grown on small farms in the 
semi-arid tropics of west Africa. Production is predominantly in the short 
rainy season (July-September), but after the rainy season, the river Niger 
which traverses Mali and Niger is often full and water is available for irriga- 
tion. There is increased interest in the southern Sahelian zone of west Africa 
(the Sahel), particularly in Niger, in using this water to produce more food 
crops. There are also large areas around Lake Chad and in the Senegal river 
basin which are flooded, and as the floods recede farmers plant crops includ- 
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ing cowpea to exploit the residual moisture. The dry season is characterized 
by a cool dry period starting in mid-November through February and a hot 
dry period thereafter until the rains in early June. Thus, depending on sowing 
date and duration a variety may experience sub-optimal or above optimal 
temperatures, or indeed both conditions. During the cool period, night tem- 
peratures usually fall well below 20°C, and may limit cowpea growth and de- 
velopment, while in March the temperatures may exceed the optimum of 281 
22°C (Lush et al., 1980) and become limiting. However, there is little evi- 
dence of systematic investigation and exploitation of variations in cowpea 
varietal tolerance to low temperatures, 
A range of results have been reported concerning temperature effects on 
cowpea. Warrag and Hall ( 1984a) demonstrated that average soil tempera- 
ture as low as 19°C causes slow emergence and seedlings become stunted. 
Nielsen and Hall ( 1985) also reported delayed emergence when the weather 
was cool after sowing. This delayed emergence exposes the seeds to increased 
fungal and insect damage. The initiation of flowering in cowpea is deter- 
mined by the prevailing combination of temperature and photoperiod (Sum- 
merfield et al., 1985 ). Nielsen and Hall ( 1985 ) identified high temperature 
during flowering as a major cause of reduced pod set and subsequent reduc- 
tion in grain yield. 
For indeterminate crops, Duncan et al. ( 1978 ) proposed that yield differ- 
ences could be analyzed using the model: 
where Y is yield, C is the mean crop growth rate, d is the duration of repro- 
ductive growth, and p is the mean fraction of crop growth partitioned towards 
the reproductive sinks. This model is useful in the evaluation of the basis for 
yield differences because C varies with differences in 'source' characteristics 
while partitioning changes with 'sink' characteristics. 
The objectives of this study were to: ( i )  assess variation for tolerance to 
low night temperature of seedling emergence of diverse cowpea cultivars un- 
der field conditions; (ii ) determine performance of these cultivars under cool 
night temperatures; and (iii) determine the effect of sowing date on seed yield 
and other characteristics. 
MATERIALS AND METHODS 
Experiments were conducted in the field at the ICRISAT Sahelian Center 
(ISC ) near Niamey, Niger ( 13 " 1 5'N, 2 " 1 8' E ) during the post-rainy season 
(November-March of 1984- 1985, 1985- 1986, and 1986-1 987. The experi- 
ments were conducted on a sandy soil (siliceous, isohyperthermic Psammen- 
tic Paleustaf ) under irrigation. 
Mean maximum and minimum daily air temperatures during the experi- 
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TABLE l 
Mean monthly maximum and m ~ n ~ m u m  dally air temperatures ( "C) from November to March ( 1984 
to 1987) 
Temperature Nov. Dec. Jan. Feb. March 
ments are shown in Table 1 .  These were taben from an automatic weather 
station situated less than 500 m from the experimental sites. No rainfall was 
received during the period of the experiments. In each year the field was fer- 
tilized with 18 kg P ha- ' prior to planting. The crop was protected from insect 
pests by periodic spraying of the insecticide Cymbush SuperR Electrodyn, al- 
though insect pressure is often very low during the post-rainy season. 
Germplasm screening 
Experiment I .  Emergence at low temperatures 
Four hundred and thirty-two lines representing breeding lines of various 
maturity groups (early, medium and late in the rainy season) and local germ- 
plasm lines from Niger were tested for field emergence. Seed obtained from 
the breeding lines in the 1984 rainy season was used. Seed for the local germ- 
plasm lines was obtained from a seed regeneration planting in 1983 of the 
Institut National de Recherches Agronomiques du Niger (INRAN). As much 
as was possible, seed lots from a common source were used to minimize vari- 
ation caused by seed production in different environments. The lines were 
grouped into sets of 20 or more entries depending on plant type. Seeds were 
treated with thiram [bis(dimethylthio-carbomyl) disulphide]. One hundred 
seeds of each line were sown on 14 December 1984 at a uniform depth of 
about 2.5 cm in 2-m rows with inter-row spacing of 0.5 m. Each set was ar- 
ranged in a randomized block with three replications. Irrigation was given 
immediately after sowing and every 4 days after. Seedling counts were taken 
8, 10, 12 and 14 days after sowing (DAS) to determine percentage emerg- 
ence. Soil temperature at 5 cm depth was recorded every day at 08:OO h at 
randomly selected sites in the field using a soil thermometer for 2 weeks after 
sowing. After emergence count, seedlings were thinned to ten for each line 
and grown for 1 month after sowing. 
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Experiment 2. Reproduction at low temperatures 
A set of 165 breeding and 174 germplasm lines which also appeared in the 
emergence test were sown on 5 November 1985 in single row plots and two 
replications. This sowing date was to synchronize the start of the reproductive 
phase with the cool weather in December/January. The time from sowing to 
appearance of flower buds, first flowers, 50% flowering, first ripe pods and 
95% maturity were recorded and used to estimate thermal time for these 
phenological events. Pod production on each line was assessed on a visual 
scale of 1 (no pods) to 5 (many pods). Based on these observations, 100 lines 
were selected for further evaluation. 
Experiment 3. Reproduction at low temperature 
The 100 lines selected were sown on 24 November 1986 in single-row plots 
2-m long with a spacing of 0.6 m between rows and 0.3 m within rows. A 
randomized block design with three replications was used. The crop was irri- 
gated every week. Phenology, dry matter and seed yield were determined. 
Flower and pod production were monitored every day on ten tagged plants to 
determine the reproductive efficiency of the cultivars. The number of flowers 
that had opened by 08:OO h each morning was counted and recorded for each 
of the ten selected plants. Plants used for flower counts were harvested sepa- 
rately and their yield components recorded. 
Experiments 4 and 5. Varietal evaluation 
Ten cultivars were selected for this study in 1985-1986 (Experiment 4 )  
and 1986- 1987 (Experiment 5 ) based on their adaptability, maturity, growth 
habit and stage of breeding. They included six cultivars from the breeding 
programs of the International Institute of Tropical Agriculture (IITA) and 
INRAN, and four local selections. The growth habit of the cultivars was either 
spreading or erect and their maturity ranged from early to late. 
The cultivars were sown on 20 November 1985 and 24 November 1986 in 
a randomized complete block with four replications. Plots consisted of five 
rows 6-m long with inter- and intra-row spacing of 0.6 and 0.3 m respectively. 
Seeds were hand planted in hills and later thinned to 2 plants hill-'. The three 
center rows were used for yield estimation. 
Thermal time to flowering and maturity was calculated for the cultivars in 
the sowing date and variety evaluation trials according to the equation: 
where tn is the sum of cumulated degree days ( "Cd) for n days, and T,,,, and 
Tmi,, are daily maximum and minimum temperatures ( "C)  of day i (Rick- 
man et al., 1983) and T, is the base temperature. A Tb of 10°C (Grantz and 
Hall, 1982) was used since the T, estimate for three of these cultivars at four 
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dates of sowing (Experiments 6 and 7 )  did not differ significantly from this 
value. 
Crop growth rates were calculated from the means as the linear rate of in- 
crease in biomass ( t  ha-' ) over the total crop growth period; as was the pod 
growth rate ( P )  for the time between 50% flowering and maturity of each 
genotype. The partitioning coefficient (p) was calculated as (PIC) .  
Experiments 6 and 7. Genotypex sowing-date responses 
To examine for possible genotype by temperature interactions, a date of 
sowing experiment was conducted using three cultivars. The cultivars 
TVX3236, TN3-78 and TN5-78, were sown at four different dates (20 No- 
vember, 4 and 18 December 1985, and 4 January 1986 in Experiment 6; and 
18 November, 1 and 16 December 1986, and 2 January 1987 in Experiment 
7) .  A randomized complete block with treatments in a split-plot pattern was 
used, with cultivars as main plots and sowing dates as sub-plots with four 
replications. Sub-plots were five rows, 3-m long with inter- and intra-row 
spacing of 0.6 and 0.3 m, respectively. Four seeds were hand planted in each 
hill and later thinned to two plants. Ten plants in the three center rows were 





Soil temperatures at 5 cm depth from sowing until last seedling count var- 
ied between 14 and 20°C. Five nights with air temperature below 15 "C were 
recorded during the same period. Emergence began at 8 DAS and seedlings 
emerged over a 7-day period. The local germplasm lines showed a greater 
percentage emergence than the breeding lines (Table 2) .  Over 70% of the 
local germplasm lines had 76- 100% emergence as compared to only 4% of the 
breeding lines. Of the latter, the normally later-maturing lines were notably 
more able to emerge in the cool soils than the earlier-maturing lines. Growth 
of seedlings was slow, and by 2 1 DAS most lines had only one expanded tri- 
foliate leaf. A month after sowing none of the lines had developed branches. 
Experiment 2 
The bulk of flowering occurred during the last two weeks of December 1985, 
and the first week of January 1986, when T,,,/T,,, were 3 1.3 ( + 2.7) / 
14.7 ( t 1.7) "C. Classification into maturity groups based on the rainy season 
time requirements did not correspond in all cases with time taken to develop 
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TABLE 2 
Source and number of lines showing different percentage emergence in Experiment 1 
Source Emergence (%) at 14 DAS 
Breeding lines 
" Early maturing 70 44 4 
Medium maturing 101 4 3 2 
Late maturing 6 IS 7 
Local germplasm 8 29 103 
Total 185 131 116 
in the cool season since lines classified into one group could as well mature 
before, or after, those in other maturity groupings (Table 3) .  
All breeding and local germplasm lines flowered, but some did not set pods. 
Most of the breeding lines had a pod score rating of 2 or 3 and only a small 
number had a rating of 4 or 5 (Fig. 1 ). On the other hand most of the germ- 
plasm lines had a rating of 1 or 2 with none getting a score of 5. The majority 
of the lines that were rated 3 and above held their pods above the canopy. In 
some lines there was a mixture of well and poorly-filled pods; and some lines 
where the pods had few and/or shriveled seeds. 
Experiment 3 
During January 1987, when most of the cultivars flowered and set pods, 
Tm,,/Tmi, were 32.1 ( 2 2.8 ) / 14.7 ( 2 1.7) "C. The characteristics measured 
on 100 lines selected from the 1986 trial are presented in Table 3. There were 
significant differences (P < 0.05) among lines for all characters measured. 
The range of most characters was very broad, reflecting the diverse genetic 
background for the material. Differences were observed among lines for seed- 
ling dry weight at 2 1 DAS. Within maturity groups, more dry matter was pro- 
duced by late-maturing cultivars than the other groups, but seed yield, as well 
as seed size, were slightly higher in the early-maturity group (Table 3). The 
lowest harvest indices were recorded in late-maturing cultivars reflecting their 
greater vegetative growth and their usually lower seed yield. Reproductive 
efficiency, as measured by the percentage of flowers that developed into pods, 
ranged from 27 to 95O10, with the highest percentage recorded in early-matur- 
ing lines. 
Simple linear correlation coefficients were obtained between nine vari- 
ables. The two attributes most strongly associated with seed yield were plant 
dry weight and pods plant-', with correlation coefficients of 0.69 and 0.66 
respectively (P < 0.0 1 ) . Pods plant- ' was strongly related to the number of 
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Breedlng llnes 
Germplasm llnes 
Vlsual Pod Productlon Score 
Fig. 1. Visual pod score of cowpea breeding and germplasm lines under cool-season conditions 
( 1985186). w ~ t h  a range of 1 = no pods to 5 = ~nany  pods. 
pod-bearing peduncles and plant dry weight. Seedling weight was highly cor- 
related with percent emergence ( r  = 0.53, P < 0.00 1 ). 
Experiments 4 and 5 
The ten cultivars differed in days to flowering and maturity (Table 4 ) .  In 
general, all the lines matured later than in the normal cropping season. IT84E 1 - 
108 was the earliest to flower in both years. This line matures in less than 60 
DAS during the rainy season, but during the post-rainy season it required 75 
days because of the lower temperatures. The other cultivars differed by a few 
days in reaching the various stages. IT84E 1 - 108 needed significantly less heat 
units in both years than the other lines (Table 4 ) .  IT82D716 behaved like a 
late-maturing line, requiring the most heat units to flowering and maturity. 
The lines differed by up to 50°/o in their heat unit requirements for flowering 
and maturity. Year-to-year differences may reflect uncertainty about the base 
temperature. 
The lines also differed in grain and fodder yield, and pod and flower pro- 
duction (Table 4). Both source and sink differences contributed to this yield 
response (Fig. 2).  Most of these lines were similar in their reproductive sink 
strength, the exceptions being IT83D237, A73- 1-2 and A1 8-1- 1, and for most 
lines, yield differences were due to variation in C. Grain yield of lines did not 
fluctuate very much from year to year except for IT82D7 16 which had the 
lowest yield in 1986 when both C and partitioning were greatly reduced, and 
A73-1-2 which was an outlier for partitioning in 1987. The other cultivars 
somewhat maintained their ranking in both years. There was a tendency for 
better pod set in 1987 than in 1986, except in TN 27-80 which showed an 
1 1 OIo decline in pod set. 
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TABLE 4 
Time to flower and maturity, accumulated degree-days, yield components, pod set. grain and fodder 
for ten cultivars in 1986 and 1987 
Cultivar Days to Degree-days to Rower Yield 
(kg ha - ' )  
flower maturity flower maturity Number O/oa Grain Fodder 
"Percentage of flowers resulting in pods. 
Experiments 6 and 7 
Both cultivar and sowing date influenced the times to first flower and ma- 
turity in 1986 and 1987, but for these three cultivars there was no interaction 
between these two factors (Table 5 ) .  Cultivar and sowing date both had sig- 
nificant (P < 0.05) effects on grain and fodder yield (Table 5 ) ,  which de- 
clined progressively with sowing date in both years. This effect was most pro- 
nounced for grain yield in 1987. The interaction between the two factors was 
significant only for fodder yield in 1986. The reduction in grain yield with 
later sowing was associated with decreasing C ( r 2  = 0.63) rather than due to 
either the duration of grain filling, or partitioning ( r2  = 0.20). 
DISCUSSION 
The slow emergence and seedling growth were consistent with the re- 
sponses observed by Warrag and Hall ( 1984a). The differences in emergence 
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Fig. 2. Differences among ten cultivars for crop growth rate and partitioning (seed growth rate/ 
crop growth rate) in the cool seasons of 1985186 and 19861 1987. 1 = B99-2-1: 2 = 1T83D237; 
3 = A73-1-2: 4 = IT82D716; 5 = A18-1-1; 6 = TN27-80; 7 = TN88-63; 8 = TN2-78; 9 = 
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D, = Duration of reproductive growth, p = grain growth rate relative to crop growth rate, and C = 
crop growth rate computed over entire crop growth duration. 
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between the local germplasm and breeding lines are not likely to have been 
due to seed history because the germplasm seed was older than that of the 
breeding lines. This superior emergence of the germplasm lines may be be- 
cause some of them have been grown by farmers under residual moisture dur- 
ing the cool months and are thus already adapted to the cooler temperatures 
of this season. This also indicates both the need to have selection pressure for 
these attributes, and the likelihood of making substantial genetic gains by se- 
lection for emergence under cool temperature conditions. In the second eval- 
uation ( 100 lines) all cultivars flowered and set pods. This was expected since 
they were selected on the basis of their podding in the previous experiment. 
The reasonable pod set of these lines indicates that the visual rating of pod- 
ding was effective as a selection criterion. 
The positive correlation between seedling weight and field emergence in- 
dicated that cowpea lines which had vigorous seedlings had higher percentage 
emergence. However, this early vigour was weakly reflected in the final dry 
matter and grain yield. 
In all these cool-season experiments, lines required more time to reach 
flowering than in the rainy season. Those lines which normally mature in 60 
to 70 days behaved like medium-maturing cultivars and averaged 86 days to 
maturity. This effect is consistent with the reports of other workers (Lush et 
al., 1980; Dow el madina and Hall, 1986), and was to be expected since al- 
though the day lengths were always shorter than the critical photoperiods for 
the induction of flowering, the lower temperatures result in slower phenolog- 
ical development. In some lines, flowering occurred over an extended period 
while in others flowering was synchronous over a short period as indicated by 
time from flower bud stage to 50% flowering. There were, however, some in- 
teractions; for instance, IT84E 1 - 108 and IT82D7 16 are both usually classi- 
fied as extra-early (55-60 days) during the normal cropping season but in 
these experiments the former matured 75 DAS, while the latter took about 
100 days. We have no explanation for this effect. 
The large variation in flower and pod production indicated genetic differ- 
ences among lines in their adaptation to low night temperature. Most of the 
lines with good pod setting were those with pods held on peduncles above the 
canopy. The reasons for this association are not clear. 
The reason for the poorly filled and empty pods observed is also not clear, 
but the considerable differences for pod filling in these conditions suggests 
that screening of genotypes for reproductive capacity is necessary in the de- 
velopment of improved varieties for post-rainy season cropping. However, 
after selection of reproductive tolerance to low temperatures, most lines had 
good partitioning, and variations in yield therefore depended primarily on 
differences in source establishment, as is demonstrated in Experiments 4 to 
7. 
Experiments 6 and 7 showed (for a small sample of selected cultivars) that 
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relative grain yield was not influenced by sowing date. Cowpea sown in Jan- 
uary flowered and matured earlier than when sown in November or Decem- 
ber, and grain and fodder were significantly reduced by later sowing. The de- 
layed flowering in the November and December sowings may be partly due 
to the low night temperatures in December and January, however, this tem- 
perature effect on development was beneficial in that it resulted in higher 
growth rates. Clearly, canopy development was not as seriously influenced by 
these conditions as was phenology. The effects of low temperature on phen- 
ology are in agreement with the observations of Nielsen and Hall ( 1985 ) in 
cowpea, and Seddigh and Jollif (1984) in soybean. The reduced seed yield 
with the later sowing was associated with decreases in the number of pods; 
but high night temperatures during flowering and podding (Warrag and Hall, 
1984b) were apparently not responsible since the minimum temperatures did 
not exceed 20°C until March when substantial pod set had already taken place. 
Given that variations in crop growth rate are strongly influenced by varia- 
tions in energy interception, these results suggest that the plant populations 
necessary to maximize C are dependent on both sowing date and variety, and 
appropriate experiments are needed to generate this information. 
The results of this study have implications for breeding programs in the 
Sahel. Presently, only one crop is possible without irrigation but it is possible 
to grow three generations in one year by exploiting the cool months. This 
should bring about faster progress in breeding, but would apply selection 
pressure for cool-temperature tolerance. 
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